In situ hybridization of mouse embryo whole mounts and sagittal sections revealed a tissue-and stage-speci®c expression pattern of the transcriptionally regulated serum and glucocorticoid-inducible protein kinase (sgk) during embryogenesis. Sgk expression is ®rst observed at embryonic day 8.5 (E8.5) in the decidua and yolk sac, and then during developmental stages E9.5 through E12.5 this kinase is highly localized in the heart chamber, otic vesicle, blood vessels surrounding the somites, and lung buds. At the later stages of mouse embryogenesis, E13.5 through E16.5, sgk expression becomes highly concentrated in brain (choroid plexus), distal epithelium and the terminal bronchi/ bronchioles, adrenal gland, liver, thymus and intestines, remains high in heart tissue, and is expressed at a low level in the other embryonic tissues. q
Results and discussion
The serum and glucocorticoid-inducible protein kinase, sgk, was cloned from rat mammary tumor cells as a novel transcriptionally-regulated serine/threonine protein kinase (Webster et al., 1993a,b) , and is approximately 45±55% homologous to the catalytic domains to Akt/PKB, protein kinase A, protein kinase C-zeta and the rat p70 S6K /p85 S6K kinases (Webster et al., 1993a) . Sgk is a 50 kDa protein that is enzymatically activated by the phosphoinositide 3-kinase pathway through PDK1-mediated phosphorylation (Park et al., 1999) . The sgk promoter is stimulated by glucocorticoid receptors through a functional glucocorticoid response element , and is regulated by the p53 tumor suppressor protein through two p53 DNA binding sites (Maiyar et al., 1996; Maiyar et al., 1997) . A SP-1 regulated element is important for FSH/forskolin stimulation of sgk expression in ovarian cells (Alliston et al., 1997) and for the p38/MAPK-depedent hyperosmotic stress response in mammary cells (Bell et al., 2000) . Sgk transcripts are also elevated in response to aldosterone in mammalian and amphibian kidney cells (Chen et al., 1999; Naray-Fejes-Toth et al., 1999) , diabetic nephropathy (Kumar et al., 1999; Wagner et al., 2000) , ischemic injury of the brain (Imaizumi et al., 1994) , changes in hepatocyte cell volume (Waldegger et al., 1997) , in¯ammatory disease (Waldegger et al., 1999) and in wound repair in ®broblasts (Iyer et al., 1999) , or suppressed by heparin in vascular smooth muscle cells (Delmolino and Castellot, 1997) . A biologically signi®cant feature of sgk is the stimulus-dependent regulation of sgk transcription in a tissue-speci®c manner by pathways that control growth, differentiation (Webster et al., 1993a,b; Alliston et al., 1997; Chen et al., 1999) and the cellular stress response (Bell et al., 2000) , suggesting that sgk expression is likely to be under stringent developmental control during mouse embryogenesis. Whole-mount in situ hybridization was performed on early stages of mouse embryos using either antisense or sense probes for sgk rat cDNA generated from a pBS-sgk based vector. At embryonic day 8.5 (E8.5), the sgk-speci®c signal displays a generally diffuse pattern of low level expression throughout the mouse embryo (Fig. 1A) . The punctated staining observed in the caudal mesoderm is www.elsevier.com/locate/modo due to remnants of the amnion sac. However, by E9.5 sgk transcripts were highly concentrated within the lung buds and the blood vessels (Fig. 1B) . At this embryonic stage, sgk expression was highly discernible in the larger vessels surrounding the somites (Fig. 1B) . By stage E10.5, the intensity of the sgk-speci®c signal was signi®cantly increased and apparent in several structures including the developing otic vesicle and the heart chamber ( Fig. 1C,D) .
In situ hybridization with either antisense or sense sgk riboprobes were performed on sagittal sections from stage E8.5 through E16.5. At E8.5, the decidua and yolk sac showed a strong sgk-speci®c signal although sgk expression in the mouse embryo was near background levels ( Fig. 2A) . The yolk sac is the ®rst site of hematopoiesis during mammalian development and of blood vessel formation (Auerbach et al., 1997) . At E11.5, sgk transcripts were highly expressed in the developing heart and blood vessels surrounding the somites (Fig. 2B) . By E12.5 sgk transcripts were highly expressed in the developing heart and the blood vessels, distinct staining was also observed in the bronchial arches within the lung (Fig. 2C) . At later embryonic stages (E13.5, E14.5 and E16.5) signi®cant sgk expression was maintained in the heart (Fig. 2D±F) . Interestingly, in situ hybridizations performed on adult heart tissue show only background levels of sgk (data not shown). Sense controls on all aforementioned stages revealed only low levels/background staining.
At E16.5, sgk transcripts were highly concentrated in the adrenal gland, choroid plexus of the brain, heart, intestine, liver, lung, and thymus (Fig. 2F) . The choroid plexus plays a role in osmotic and pH regulation of the cerebrospinal¯uid. Low levels of sgk transcripts are expressed in the E16.5 kidney (Fig 2F) , which is signi®cantly low compared to previously observed adult expression (Chen et al., 1999) . Analysis of sgk expression in wild-type adult brain revealed that sgk transcripts remains highly expressed in the choroid plexus, the CA1 and CA3 regions of the hippocampus, which have a relatively high concentration of glucocorticoid receptors (Aronsson et al., 1988) , dentate gyrus, hypothalamus, thalamus and the substantia nigra (Fig. 2G) . Previous studies have shown that sgk transcripts are highly expressed in the CA1 and CA3 regions of the hippocampus as a result of ischemic injury (Imaizumi et al., 1994) , although our results implicate a role for sgk in the uninjured tissue.
Whole-mount in situ hybridization was performed on E14.5 heart and lungs, revealed high levels of sgk expression in the distal epithelium and the terminal bronchi/ bronchioles (Fig. 3A,B) . This region of the developing lung has a high level of epithelial sodium channel (Matalon and O'Brodovich, 1999) , a key osmoregulatory component that is activated by sgk (Chen et al., 1999) . Examination of the adult lung by in situ hybridization (Fig. 3D,E ) and immunohistochemistry (data not shown) indicate that sgk transcripts and protein remain highly expressed in the bronchi. Given sgk regulation by various cellular stress stimuli (Bell et al., 2000) , sgk may have a role in lung physiological related stress response such as cystic ®brosis or after smoke inhalation. Taken together, the tissue-speci®c Fig. 1 . Whole-mount in situ hybridization of sgk at mouse embryonic stages E8.5±E10.5. Embryos were hybridized with either digoxigenin-labeled antisense sgk (A±D) or sense (S) sgk riboprobes (E±G). In (B) arrows indicate speci®c sgk staining in the lung bud, and the larger blood vessels. In (C) sgk transcript expression in the otic vesicle is delineated by the arrow. A high magni®cation of the heart at E10.5 is shown in (D). bv, blood vessels; ht, heart; lb, lung bud; ot, otic vesicle. and temporal pattern of sgk expression pattern during mouse embryogenesis suggests that sgk has a potential role in heart development and/or vasculogenesis at early developmental stages, and may function in osmoregulation and other physiological stress pathways at later developmental stages and in the adult.
Materials and methods

Tissue collection
CD.1 mouse embryos were collected from various stages, dissected in a CO 2 -independent media w/o l-glutamate Fig. 2 . In situ hybridization of sgk at embryonic stages E8.5±E16.5 and of adult brain and kidney. Embryonic sagittal sections were probed with antisense sgk riboprobes (A±G). Sense controls performed on all stages revealed only background level of staining (data not shown). The sgk signal in (B±E) were photographed using bright-®eld illumination after an alkaline phosphatase colorimetric reaction to the digoxigenin-labeled probes. The sgk signal in (A,F,G) were photographed using dark-®eld illumination following hybridization with [ (Gibco) supplemented with 5% fetal bovine serum (Biowhittaker), either ®xed in 4% paraformaldehyde (PFA) followed by ethanol dehydration and stored at 48C or rinsed in phosphate-buffered saline solution (PBS) and mounted directly in embedding medium OCT (Sakura), and stored at 2208C.
In situ hybridization
Serial cryosections (12 mm) were ®xed in 4% PFA, treated with proteinase K (Boehringer Mannheim). A plasmid containing the sgk rat cDNA was linearized to generate either antisense or sense probes. Sgk transcripts expression were analyzed using the T3/T7 combination Riboprobe Transcription System (Promega) to generate [ 35 S]UTPlabeled antisense and sense probes. In situ hybridizations were performed essentially as described (Lein et al., 2000) . Paraf®n sections were hybridized with radiolabeled sgk cDNA probes as previously described (Alliston et al., 1997) .
Non-isotopic in situ hybridization of mouse embryonic sagittal sections (Novagen) were dewaxed in Histoclear (National Diagnostic Laboratory), and in situ hybridizations were carried out as essentially as described (Jowett, 1997) . Digoxigenin-labeled antisense and sense sgk probes were made according to manufacturer's speci®cations (Boehringer Mannheim). Whole-mount in situ hybridizations were performed as described (Pinson et al., 2000) . Fig. 3 . Expression of sgk transcripts in E14.5 whole-mount heart and lung and adult lung. Whole-mount stage E14.5 heart and lung and adult longitudinal sections were hybridized with either digoxigenin-labeled antisense sgk (A,B,D) or sense sgk riboprobes (C,E). Arrows in (A) indicate a high magni®cation area in (B). Sgk transcript expression was examined using bright-®eld illumination after an alkaline phosphatase colorimetric reaction to the digoxigenin-labeled probes.
